
!"#"$%&'()$#&*+,%-./%&!&0(1,.2,&+#&!%$3.-+4&
5676&8)".,9&8:;89&:"<",#&=9&>?@@&

• &A+/#+-.B./<&C%,"-#,&D$)3&'()$#&*+,%-./%&!&EFG%$.3%/#,&
• &A(%)$%H2+-&I/#%$G$%#+H)/,&)D&EF.,H/<&J+#+&
• &!"#"$%&0$)G),%K&EFG%$.3%/#,&+#&!%$3.-+4&



!"#$%&'()*+,-*)$
..$/-)0*102-)$

3,45)$,+&$2-$6&7$
8,'&9$$
:;<)9==(->(?2@A-,4@'2B=$
&B&-*=)7-C!!$



L)HM+H)/&D)$&'()$#&*+,%-./%&

• &A+/#+-.B./<&$%,"-#,&D$)3&,()$#&NO&-)/<P&4+,%-./%&%FG%$.3%/#,&
N8';J9&L./.*));E9&LI;Q'9&C%+2#)$&:/H/%"#$./),9&C+K.)+2HM%&
;%"#$./)&')"$2%,9&%#26P&3+1&G),,.4-1&(+M%&+&G$)D)"/K&.3G+2#&
)/&)"$&"/K%$,#+/K./<&)D&G+$H2-%&O&/"2-%+$&G(1,.2,6&

• &;%"#$./)&2$),,&,%2H)/,&+$%&M%$1&./#%$%,H/<R&/"2-%+$&%S%2#,9&
,()$#T$+/<%&2)$$%-+H)/,9&G.)/&%F2(+/<%&2"$$%/#,9&G.)/&
+4,)$GH)/9&./.H+-&,#+#%&./#%$+2H)/,9&O&U/+-&,#+#%&./#%$+2H)/,&
3+V%&#(.,&+&$.2(&+/K&2)3G%--./<&+$%+&)D&,#"K16&;"2-%+$&%S%2#,&
2+/&+S%2#&/%"#$./),&+/K&+/H/%"#$./),&K.S%$%/#-1&+/K&+S%2#&70&
M.)-+H)/&./#%$G$%#+H)/,6&&&&



W&

D@  D@$D'1(4,+ED+&B,42$&*$,4@F$8:G)@$$
%&B@$H&;@$!"IF$!"!J"I$KI""#L$$

Q,2.--+H)/&U#&D)$&
WXYZEZ=???&L%[& \)]%M%$9&/"2-%+$&%S%2#,&2+/&+S%2#&#(%&

K%#%$3./+H)/&)D&E!^E_&N'%%&5`>&#+-V,&41&
;.%M%,&O&L+$H/.6P&5.--&#$1&#)&+22)"/#&
D)$&#(%,%&%S%2#,&O&$%U#&#(%&K+#+6&



Y&

M<>,*&>$A+2N$D@D@$D'1(4,+E
D+&B,42$&*$,4@F$8:G)@$%&B@$H&;@$
!"OF$!J!J"!$KI"!"L$$



a&

M<>,*&>$A+2N$D@D@$D'1(4,+E
D+&B,42$&*$,4@F$8:G)@$%&B@$H&;@$
!"OF$!J!J"!$KI"!"L$$

>??ZEZ=???&L%[&



I/.H+-&LI;Q'&!µ&J.,+GG%+$+/2%&C%,"-#,&./ ! L)K%&
N'%%&#+-V&41&b%S&\+$#/%--P&

PQ<&?*$!µ$>(),<<&,+,-?&$,72B&$
!"$R&S$A2+$HTUV$-&1*+(-2$2)?(44,02-)@$

W3:&$<+27,7(4(*G$*:,*$*:&$1->&+4G(-'$!µ$
,->$!µ$<,+,N&*&+)$,+&$(>&-0?,4$()$
I@"X@Y$K,+Z(B9!!".@"[..L$



I/.H+-&LI;Q'&!µ&J.,+GG%+$+/2%&C%,"-#,&./&! L)K%&
N'%%&#+-V&41&b%S&\+$#/%--P&

PQ<&?*$!µ$>(),<<&,+,-?&$,72B&$
!"$R&S$A2+$HTUV$-&1*+(-2$2)?(44,02-)@$



c&

+$d.MR&@@?@6>XYY&

Ce?6c=XfT?6?>X&



@?&

':`E9&0C7&X=&N>??aP&?WYg?Y&
+$d.MR/"2-T%Fh?Y@>?W@&

Ce?6gXfT?6?Y&



A(%)$%H2+-&I/#%$G$%#+H)/,&

• &'#%$.-%&;%"#$./),&N=f;&L)K%-,&].#(&70&M.)-+H)/P&&

• &;)/T'#+/K+$K&I/#%$+2H)/,&&
• &'#%$.-%&!&J%2+1&&
• &8)$%/#B&[.)-+H)/&O&70A&[.)-+H)/&



M<>,*&>$A+2N$
R@$\,+,'(2+'($&*$,4@F$
8%VJ"F$"][""!$KI""#L$

^&)*$[_!$`(*9$
"N.!

I$a$"@#I$&SI$

)(-II#µ&$a$"@.OX$
8+27@$a$#IX$

8+&>(?*)$!µ & !&$
>(),<<&,+,-?&$2A$$
)(-II#µµ b$I.X$,->$
)(-II#&&$b$c@]X&

=f@&`-)4+-&!.#&#)&5)$-K&:/H/%"#$./)&J+#+&
N].#(&/%]&$%+2#)$&!&/)$3+-.B+H)/P&



`-)4+-&=f>&!.#&#)&5)$-K&;%"#$./)&O&:/H/%"#$./)&J+#+&
&&N\)]%M%$9&./&=f>&3)K%-,&#(%$%&.,&,)3%&#%/,.)/&4%#]%%/&/%"#$./)&+/K&+/H/%"#$./)&K+#+P&

i)GG9&L+-#)/.9&O&'2(]%#B9&&+$d.MR@@?=6WYX?&& `."/H&O&8+M%K%$9&&+$d.MR@@?X6@WY>&&&&&



;'I&



'#%$.-% ! J%2+1j&
N'%%&#+-V&41&'%$<%.&`/./%/V)P&

•  The decay of a ~50 MeV sterile ! has been shown to 
accommodate the LSND & MiniBooNE excesses 

–  Gninenko, PRL 103, 241802 (2009) 

 arXiv:1009.5536$



8)$%/#B&[.)-+H)/j&&

+$F.MR&@?@>6YcgY&



@X&

!"#"$%&! EFG%$.3%/#,&+#&!%$3.-+4&

!  L)$%&L./.*));E&!&J+#+&N@YE>?&0QAP&

!  LI;ECM:&].#(&\>hJ>&&#+$<%#,&
!  L)$%&LI;Q'&K+#+&NLI;Q'fP&&

!  A+V%&K+#+&].#(&(.<(%$&%/%$<1&4%+3&
!  L.2$)*));E&

!  :KK$%,,&L*&-)]&%/%$<1&%F2%,,&

!  *));ER&+&>/K&L./%$+-&Q.-&)$&8:$&K%#%2#)$&
& &N8QI&+$d.MR?c@?6>acgP&

!  ;QM:&].#(&>&/%+$&K%#%2#)$,&
!  ;QM:&].#(&/%+$41&212-)#$)/&

!  L")/&'#)$+<%&C./<&
!  0$)k%2#&d&





LI;Q'f&

l,%&(.<(%$&%/%$<1&;QM:&4%+3&NG%+V%K&+#&X&`%[P&#)&.3G$)M%&),2.--+H)/&3%+,"$%3%/#,6&



High "m2 Disappearance with MINOS+  
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BooNE Appearance Sensitivity: 1E20 POT 
each mode (only 1 year running)   
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Long Term Possibilities (>8 years) 
Make Precision measurements of new 

physics: 
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